














» '¢ yj ‘Vp 


lly, , j ih, 4€ ti 
A JOURNAL OF HIGHWAY RESEARCH 


FEDERAL WORKS AGENCY 
PUBLIC ROADS ADMINISTRATION 























VOL... 21, ho. & OCTOBER 1940 














ty tye tq _ :. Vie ~, 4 yf * : 4 ei % om J “ 
| A SECTION OF U S 211 IN VIRGINIA 


+ or sale by the Superintendent of Cocuments, Washington, D. C. 








See page 2 of cover for prices 




















PUBLIC ROADS iniiccr nee 


FEDERAL WORKS AGENCY 
PUBLIC ROADS ADMINISTRATION 


D. M. BEACH. Editor 
Volume 21, No. 8 October 1940 





The reports of research published in this magazine are necessarily qualificd ty the conditions of the tests from which the dcta are obtaircd. 
Whenever it is decmed possible to do so, generalizations are drawn frem the results of the tests; end, unless this is dene, the conclusicns 
formulated must be considercd es specifically pertincnt only to described conditions. 











In This Issue 


Page 


State of Improvement of Rural Roads in Relation to Traffic ard Dwellings Served . . . 141 
Graphical Analyses of the Stability of Soil . . ne: - +e we ee ee” ee 
Regular Federal-aid Furds Authorized for 1942 and 1943. eee evnen es es eo ow 


 — 




















THE PUBLIC ROADS ADMINISTRATION - - - - - - - - Willard Building, Washingten, D. C. 
REGIONAL HEADQUARTERS - - - - - - - - - - - - - - Federal Building, Civic Center, San Francisco, Calif 
¥ 


DISTRICT OFFICES 


DISTRICT No. |. Oregon, Washington, and Montana. DISTRIC1 No. 8. Alabama, Georgia, Florida, Mississippi, and Tennessee 
) Post Office Building. Portland, Oreg. Post Office Building. Montgomery. Ala 
' DISTRICT No. 2. California, Arizona, and Nevaca. DISTRICT No. 9. Connecticut, Maine, Massachusetts, New Hampshire, New 

Federal Building, Civic Center, San Francisco, Calif. Jersey, New York, Rhode Island, and Vermont. 

DISTRICT No. 3. Colorado, New Mexico, and Wyoming. 505 Pest Office Building, Albany. N. Y 
258 Now Canemhonn, Deener, Cole. DISTRICT No. 10. Delaware, Maryland, Ohio, Pennsylvania, and District 

DISTRICT No. 4. Minnesota, North Dakota, South Dakota, and Wisconsin. of Columbia. ih dictiin Wiad rn 

907 Post Office Building, St Paul, Minn. Gey Daneing, Weehungton 
, : : - DISTRICT No. 11. Alaska. 
DISTRICT No. 5. Iowa, Kansas, Missouri, and Nebraska. Room 419, Federal and Territoria! Buildirg, Juneau, Alas 


711 U.S. Courthouse, Karsas City, Mo. 
DISTRICT No. 6. Arkansas, Louisiana, Oklahcma, and Texas. 
Room 502, United States Courthouse, Fert Werth, Tex. 


DISTRICT No. 7. Illircis, Indiana, Kentucky, and Michigan. 
South Chicago Post Office Buildirg, Chicago, II. 


DISTRICT No. 12. Idaho and Utah. 


Federa! Building, Ogden, Ut 
DISTRICT No. 14. North Carolina, South Carolina, Virginia, and West 
Virginia. 
Montgomery Building, Spartarburg, > 





Because of the necessarily limited edition cf this publication it is impussible to distribute it free to any perscn or institution ot! er 

than State and county officials actually engaged in planning or constructing public highways, instructcrs in highway engiteeri'g, 

and periodicals upon an exchange basis. At the present time additions to the free mailing list can be made only as vacancies occ I. 

Those desiring to obtain PUBLIC ROADs can do so by sending $1 per year (foreign subscription $1.50), or 10 cents per single copy, 
to the Superintendent of Documents, United States Government Printing Office, Washingtcn, D. C. 








CERTIFICATE: By direction of the Commissioner of Public Roads, the matter contained herein is published as administrative informaticn 
and is required for the proper transaction o: the public business 














STATE OF IMPROVEMENT OF RURAL 
ROADS IN RELATION TO TRAFFIC AND 
DWELLINGS SERVED 


BY THE DIVISION OF HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 


Reported by JOHN T. LYNCH, Highway Engineer-Economist and THOMAS B. DIMMICK, Associate Highway Engineer-Economist 


planning surveys has been the determination of 

the state of improvement of rural roads in rela- 
tion to the volume of travel and to the location of rural 
dwellings. Such a determination is basic in any 
appraisal of highway service in relation to needs, and 
in the setting up of long-range construction programs 
and the making of financial provisions for them. 

The summarization of the data has not yet been 
completed in all States, but the work is sufficiently far 
advanced to permit the release of preliminary figures 
that give a reasonably accurate national picture of our 
highway facilities, showing the extent to which traffic 
and rural dwellings are served by roads having surfaces 
of different types. A complete appraisal of the ade- 
quacy of highways for traffic needs would necessarily 
take into consideration surface width, alinement, 
grades, and sight distances, as well as surface type. 
The e learanc ‘es, strength, and condition of bridges, and 
the hazards and delays at railroad grade crossings, 
should also be considered. Information concerning 
all of these factors has been obtained in the highway 
planning surveys, but is not vet ready for presentation 
on a national basis. This article deals only with the 
service rendered by roads of different surface types in 
those States for which the information is now available. 

Road construction practices vary in different sections 
of the country because of differences in climatic condi- 
tions, subsoil conditions, and character of available 
local materials as well as differences in wealth and in 
public policy as carried out by the State and local 
highway organizations. There are, then, no standards 
of adequacy that are generally applicable throughout 
the country. In one section, climatic conditions may 
be such that unsurfaced roads will satisfactorily serve 
much higher volumes of traffic than in another section. 
Subsoil conditions in one locality may require a higher 
type of surface for traffic of a given volume and w eight 
composition than that required in another locality. 
Differences in available funds and mileages of roads 
necding improvement have caused States to adopt 
different standards of improvement for roads of equal 
traffic importance. These facts should be borne in 
mind in appraising the relative degrees of surface im- 
provement shown by the tabulations in this article. 


A N IMPORTANT PART of the State-wide highway 


ROADS CLASSIFIED INTO FIVE GROUPS ACCORDING TO 
SURFACE TYPE 


_ Because of differences in construction practices and 
In current terminology, considerable difficulty was ex- 
pericnced in classifying surface types on a comparable 
basi: in all States. Although every effort was made to 
attain uniformity, minor differences in classification 
undoubtedly exist. In preliminary tabulations 12 
classifications were used but these are combined into 
five groups in the accompanying tables. These five 
general surface type groups are defined in commonly 
261154—40——1 





| used terms, without attempting to make precise dis- 
tinctions. The terms used to describe the individual 
types composing each group are not, in all cases, 
mutually exclusive, as two or more types may be 
nearly identical. The distinctions between the general 
surface type groups, however, are reasonably definite 
in all cases. 

Pavement includes concrete, brick, stone block, 
wood block, asphalt block, sheet asphalt, rock asphalt, 
bituminous concrete, and bituminous penetration. 

2. Other dustless surface includes plant mix without 
precise control, road mix or mixed-in-place, and _ bitu- 
minous surface treated gravel or stone. 

Nondustless surface includes plain macadam, 
gravel, traffic-bound crushed stone, slag, chert, caliche, 
iron ore, chats, sand-clay, and topsoil. 

4. Graded and drained includes roads of natural earth, 
alined and graded to permit reasonably convenient use 
by motor vehicles, with drainage systems sufficient to 
prevent serious impairment of the road by surface water. 

5. Unimproved includes primitive roads and trails 
usable by four-wheel vehicles and also earth roads on 
which some blading may have been done but which do 
not conform in respect to alinement, grade, and drain- 
age to the requirement for a graded and drained road. 

Roads with surfaces falling in the first three groups are 
called surfaced roads; roads falling in the last two groups 
are called unsurfaced roads. 

The initial road inventory and traffic surveys were 
started in a few States as early as the fall of 1935 and 
completed toward the end of 1936. The work was 
started later in most States and, in a few, only very 
recently. The effective dates of figures in the accom- 
panying tables vary from 1936 to 1939 and the period 
covered by the traffic survey does not, in all cases, 
coincide with that covered by the road inventory. 
Under the continuing survey an effort is being made to 
keep traffic and road inventory information current so 
that it should soon be possible to present up-to-date 
tabulations of both road inventory and traffic data for 
a specific year. 

In interpreting the figures given in the tables and 
text of this report, it should be borne in mind that there 
are some differences in effective dates and that the data 
apply to different periods from 1936 to 1939. There 
have undoubtedly been changes since the effective dates 
of the data, because of the normal construction pro- 
grams of Federal, State, and local agencies, and the 
surfacing of considerable mileages with the assistance of 
the Work Projects Administration in a number of 
States. On the whole, however, it is believed that 
changes have not been sufficiently large, relatively, to 
invalidate the general picture presented. 

The total mileage of rural roads in the United States is 
estimated to be approximately 2,960,000 miles. Of this,. 
approximately 1,200,000 miles, or about 40 percent, 


have surfaces permitting travel in all seasons of the 
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year. Complete information on road mileage and sur- | daily traffic was 1,232 vehicles for pavements, 413 
face type as of various dates from August 1936 to | vehicles for other dustless surfaces, 77 vehicles for non- 
December 1939 is available for 34 States. The total | dustless surfaces, 22 vehicles for graded and drained 
road mileage reported by these States was 2,219,723 | roads, and 13 vehicles for unimproved roads. The 
=] 4 a7 ; 7 y yr . ° > 
miles, of which 840,129 miles, or 37.8 percent, were | average for all types of road was 104 vehicles. Table 
surfaced. Table 1 shows the mileage of each general | 2 shows average daily traffic on each general surface 
surface type and the percentage of the total mileage 
for each of the 34 States. , TABLE 2.— Average daily traffic on rural roads of each general sur- 
The percentage of the total mileage that was sur- face type in each of 24 States 
faced ranged from 85.4 percent in Ohio, to 13.5 per- | ‘s 
cent in Nevada. It will be noted that most of the | . Other | Non- | Graded | unim-| an 
. . . . | . ave- . im- d 
surfaced mileage in Ohio consisted of gravel and other State ment | dustless | dustless | and | | proved |roads 
. 3 ace s 2 are ¢ 
nondustless types, only 25.1 percent of the total mileage | — = . ¥ reas, Siena) TE 
in this State having dustless surfaces. In New Jersey, | Arizona 946 522 83 50 a) te 
on the other hand, in which 62.7 percent of the total | California 1 a8 = = 4 oe 
mileage was surfaced, 49.4 percent had dustless surfaces. | Florida — "988 353 47 27 10 178 
: ° ds 96 79 25 2 7 
Nine States had less than 20 percent of their total road | '"°--- ste = * . 2) 7% 
mileages surfaced. Figure 1 shows the percentage of Sodions La ” ss 10 2; 
. . ’ 330 i oe 4 { 
the total mileage surfaced, the percentage with a dust- Kansas 1) 29 590 as nA 16| 64 
Auisians 836 TRE 8 | 2 ; 
less surface, and the percentage paved, for each of the | yfaryiini 1, 288 565 $s oi) ghee 
34 States, arranged in descending order of the per- we : . 
Michigan 1, 525 324 S4 22 10 160 
centage surfaced. Missouri 1" 303 377 60 14 4] 7% 
Montana 505 293 49 26 9 38 
TRAFFIC ON PAVED ROADS 12 TIMES THE AVERAGE FOR ALL ROADS | Nevada 1, 53 233 38 22 5| 33 
a i 3 q North Dakota 1, 641 454 67 11 2 17 
Naturally, travel is generally heavier on roads having “s oA ne ie . a 
. . . oO ) 332 ) 2 Ss Pall 
high type surfaces than it is on low type surfaces or on | Oklahoma 1) 356 638 153 24 6| 78 
unsurfaced roads. In the first place, high traffic | Qr#P".\ wo oo 7 . + 
volume, actual or potential, was generally the cause of | Texas 1, 199 64l 95 78 25| 122 
the construction of the higher type surfaces. In addi- | vtan _. 1, 418 416 57 17 5| 72 
, ~. : a Vermont 916 535 68 il 3 111 
tion, traffic tends to gravitate to the more highly im- | Wr (uinia oon 4 a : P 
proved roads. | Wyoming 742 357 88 7 12) 5 
Combined traffic and road inventory information is | Average... 122; 413; | 2] 13| 108 
available for 24 States. In these States the average | - 
TABLE 1.— Mileage of rural roads of each general surface type and percentage of total mileage of rural roads in each of 34 States 
a Yr Jrade a P = 
State gen ty Pavement | pag nea — | Total surfaced —— Total improved Unimproved ! Total 
Per- | Per- | | Per- | Per- Per- Per- Per- Per- 
Miles cent Miles cent Miles cent | Miles cent Miles cent Miles cent Miles cent Miles cent 
Arizona..........| Dec. 1937 564.5 | 2.0] 2,174.4 | 7.9| 2,317.8) 84] 5,056.7 | 18.3 | 4,218.8 | 15.3 9, 275.5 | 33.6 | 18, 271.7 | 66.4 27 547.2 | 100.0 
Arkansas... ---- Jan. 1937 | 1,595.4 2.9 624.0 1.2 | 12 528.6 | 23.1 | 14, 748.0 | 27.2 | 11, 648.9 | 21.5 26, 396.9 | 48.7 | 27, 889.6 | 51.3 54, 286.5 | 100.0 
California........| Dec. 1937 | 10, 114.7 | 10.2 | 22, 183.8 | 22.3 |220,333.0 | 20.4 | 52,631.5 | 52.9 3,810.4) 3.8 56, 441.9 | 56.7 |343, 118.6 | 43.3 | 99, 560.5 | 100.0 
Colorado___._ -_-- Aug. 1939 493.4 3,218.6 | 4.3 | 9,307.9 | 12.3 | 13,019.9 | 17.3 6, 658. 2 8.8 19, 678.1 | 26.1 | 55,576.7 | 73.9 | 75, 254.8 1000 
Peetses......... Dec. 1936 | 1,835.7 | 6.4 7, 599. 5 26.3 | 2,435.9 8.4 11, 871.1 | 41.1 | 13, 828.6 | 47.8 25, 699.7 | 88.9 3,212.1 | 11.1 28,911.8 100.0 
tahini Dee. 1936 | 171.9} .5| 1,940.2] 5.8 | 7, 792. 1 | 23.2 | 9,904.2 | 29.5 | 4,484.1 | 13.4] 14,388.3 | 42.9 | 19, 152.2 | 57.1 33, 540.5 | 100.0 
STI! Jan, 1937 | 11,390.9 | 11.1 678.8 .7 | 47,899.5 | 46.6 | 59,969.2 | 58.4 | 37, 747.5 | 36.8 97,716.7 | 95.2 | 4,966.9 1.8 102, 683.6 100.( 
Indiana__ Jan, 1937 | 5,452.4) 7.1 6, 390.8 | 8.3 | 49,872.6 | 65.1 | 61,715.8 | 80.5 5, 690. 4 7.4 67, 406.2 | 87.9 | 9, 283.9 | 12.1 76, 690.1 | 100.0 
Towa___. .| Dec. 1937 4, 843.5 4.8 558.9 | -5 | 35,077.3 | 33.8 40,479.7 | 39.1 | 40,794.9 | 40.4 81, 274.6 | 79.5 \* 20, 624.3 | 20.5 101, 898.9 | 100.0 
Kansas. -.....--- Dec. 1936 1, 809.8 | 1.4 3, 341.7 | 2.6 | 24, 756.3 | 19.3 29, 907.8 | 23.3 2, 004. 6 1.6 31,912.4 | 24.9 | 96, 285.4 | 75.1 128, 197.8 | 190.0 
| ! | } 
Kentucky ______. July 1938 | 1,910.2 | 3.4| 5,758.0 | 10.2 | 18,741.6 | 34.0 | 26,409.8 | 47.6 | 4,033.3 | 7.2] 30,443.1 | 54.8 | 25,837.3 | 45.2 | 56, 290.9 | 100.0 
Louisiana. ._____- Dec. 1937 3, 405. 4 8.8 29.9 -l 13, 198.0 | 34.1 | 16, 633.3 | 43.0 | 15,701.0 | 40.5 32, 334.3 | 83.5 | 6,387.2) 16.5 38, 721.5 | 10 
Maryland___-_--- Jan. 1938 | 2,447.1 | 15.3 3,227.7 | 20.2 | 3,243.7 | 20.3 | 8,918.5 | 55.8 | 4,684.4 | 29.3 13, 602.9 | 85.1 | 2;380.2| 14.9 15, 983.1 | 100 0 
Michigan... -..| Dec. 1936 | 5,464.5 | 5.9 4,342.9 4.7 | 48,991.9 | 53.1 | 58, 799.3 | 63.7 | 21,837.3 | 23.8 80, 636.6 | 87.5 | 11.509.5 | 12.5 | 92,146.1 | 100 
Missouri___--__-- Dec. 1936 | 3,998.0) 3.4) 3,117.5 | 2.7 | 29,406.1 | 25.2 | 36,521.6 | 31.3 60, 456.3 | 51.8 96, 977.9 | 83.1 | 19,7:6.0 | 16.9 116, 693.9 | 100.0 
| | ' | | 
Montana_....__.| July 1937 | 1,466.4 | 2.2] 2,965.7!| 4.5 6,248.7 | 9.5 | 10,680.8 | 16.2 3, 389. 9 5.2 14,070.7 | 21.4 | 51, 659.4 78.6 | 65, 730.1 | 100.0 
Nebraska........| Dec. 1936 | 1,034.2} 1.0 | 861.7 | .9 | 16,333.8 | 16.3 | 18, 229.7 | 18.2) 9,315.3] 9.3 27, 545.0 | 27.5 | 72,770.0 | 72.5 | 100,315.0 | 100.0 
Nevada..........| Dec. 1937 51.5 2 | 2, 338.6 | 10.0 761.2 3.3 3, 151.3 | 13.5 865.0 3.7 4,016.3 7.2 | 19, 257.6 | 82.8 23, 273.9 | 100.0 
New Hampshire | Dec. 1937 413.6 | 3.4] 3,404.7 | 28.0 | 3,943.0 | 32.5 | 7,761.3 | 63.9 | 2,725.2 | 22.4 10, 486.5 | 86.3 | 1,056.4 113.7 | 12,1429 | 100. 
New Jersey__---- July 1939 4, 852.0 26.2 | 4, 202.2 | 23.2) 2,475.3 | 13.3 | 11,619.5 | 62.7 342, 2 1.9 11, 961.7 | 64.6 6, $42.1 | 35.4 18, 503.8 | 100.0 
North Carolina__| June 1938 | 4,975.0 | 8.6 | 4,419.0) 7.6 | 20, 759.2 | 35.9 | 30, 153.2 | 52.1 | 23, 490.9 40.6 | 53,644.1| 92.7] 4,122.7] 7.3 | 7, 806.8 ( 
North Dakota__.| Jan. 1938 | 24.5 (5) 689. 1 -6 | 16,702.2 | 15.2 | 17, 415.8 | 15.8 19, 261.5 | 17.5 | 36, 677.3 | 33.3 | 73,376.2 | 66.7 110, 053. 5 0 
ais Jan. 1937 | 8,059.9 9.8 | 12,653.4 | 15.2 49, 700.6 | 60.3 | 70,413.9 | 85.4 7,012.7 | 8.5 77, 426.6 | 92.9 5,022.4 | 6.1 | 82, 449.0 0.0 
Oklahoma... ---- Jan. 1937 | 2,698.3 2.7 1, 369.4 1.3 | 11, 161.8 | 13.0 | 15, 227.5 | 15.0 | 65,648.5 | 64.7 | 80,876.0 | 79.7 | 20, 529.3 20.3 | 101, 405. 3 0). 0 
SN ,.. cosncnae Sept. 1936 1, 799. 7 3.9 2, 907.9 6.2 | 14,509.3 | 31.2 | 19,306.9 | 41.3 | 15, 118.7 | 32.3 34, 425.6 | 73.6 12, 340.8 | 26.4 46, 766.4 0 
South Carolina_.| Dec. 1938.| 2,326.2| 5.4 | 3,854.0! 9.0| 6,830.3 | 16.0 | 13,010.5 | 30.4 | 11,089.2| 95.9 24,000.7 | 58.3 | 18,676.1 | 43.7 | 42, 775.8 | 100.0 
South Dakota.__| Jan. 1937 228.7 2 895.2 -9 | 18,629.1 | 18.4 | 19, 753.0 | 19.5 | 40, 920.3 | 40.5 60, 673.3 | 60.0 | 40,471.8 | 40.0 } 101, 145.1 0 
, ae Sept. 1937 6, 579.8 3.5 | 12, 485.9 6.7 | 25,170.8 | 13.6 | 44,236.5 | 23.8 | 16, 058.7 8.6 60, 295.2 | 32.4 |125, 565.5 | 67.6 | 185, 860.7 0 
| errs Jan. 1937 364.9 ae 1, 481.6 6.9 5, 357.6 | 24.9 7, 204.1 | 33.5 3, 640.6 | 17.0 10, 844.7 | 50.5 | 10, 633.0 49.5 | 21,477.7 0 
Vermont_........| Dec. 1938 895. 2 6.6 | 438.0 3.3 | 5,659.9 | 42.0 6,993.1 | 51.9 4, 384.0 | 32.6 11, 377.1 | 84.5 | 2,092.9 | 15.5 13, 470. 0 1.0 
Washington.__..| Dec. 1939 1, 972.7 4.0 | 2, 997.2 6.2 | 20,034.7 | 41.2 | 25,004. 6 | 51.4 13, 258.7 | 27.3 38, 263.3 | 78.7 | 10, 377.9 | 21.3 48, 641.2 10.0 
West Virginia....| Jan. 1937 | 2,437.4 | 7.5 | 2,053.8] 6.3 | 6,134.2 | 18.8 | 10,625.4 | 32.6 | 6,393.0 19.6 | 17,0184 | 52.2 | 15,571.7 | 47.8]  32,590.1 1.0 
Wisconsin... -- Dec. 1936 | 4,927.4| 6.0| 5,751.6 | 7.0 | 48,035.8 | 58.4 | 58,714.8 | 71.4 | 19,624.7 | 23.9 | 78,330.5 | 95.3| 3,893.9| 4.7| 82,193.4 10.0 
Wyoming_._.....| Dec. 1937 14.8 os 2,826.1 | 11.4 1,200.1 | 4.8 | 4,041.0 | 16.3 | 1,185.4 4.8 | 5, 226. 4 } 21.1 | 19,498.4 | 78.9 24, 724.8 10.0 
A. ac (100, 617.6 | 4.5 /133, 871.8 | 6.0 608, 639.9 | 27.3 |840, 120.3 | 37.8 [501,323.2 | 22.6 |1, 341, 452.5 | 60.4 (878, 270.2 | 39.6 |62,219,722.7 100.0 
| | | | 








1 Includes trails. 

2 Includes 6,727.7 miles of oiled earth. 

3 Includes 22.4 miles, surface type unreported. 
4 Includes 274.1 miles, surface type unreported. 
5 Less than 0.05 percent. 

¢ States not listed estimate their total mileage at 739,154 miles, giving total for the country as 2,958,877 miles of rural highway, 
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Figure 1.—PERcENTAGE OF TotaL Rurat Roap MILEAGE 


IN Eacu or 34 States With Surraces OF Eacn GENERAL 
TYPE. 


type for each of the 24 States. Maryland had an 
average daily traffic on all roads of 338 vehicles, the 
highest of any of the States listed; while North Dakota 
had an average daily traffic on all roads of but 17 
vehicles, the lowest of any of the States listed. In all 
of the States the average daily traffic was successively 
higher for each successively higher type surface. 

Though the average daily traffic on paved roads is 
much greater than that on roads with lower type sur- 
faces and on unsufraced roads, it does not follow that all 
of the paved mileage is more heavily traveled than any 
of the unpaved mileage. 
and percentage of each general surface type in different 
average daily traffic volume groups in 23 of the 24 
States listed in table 2. Data for Indiana are not 
included in table 3 because tabulations showing mile- 
ages of each surface type in traffic volume groups in 
that State were not available. 

Table 3 shows that, in the 23 States, almost 5,000 
miles of paved roads carry less than 100 vehicles per 
day while more than 10,000 miles of unimproved roads 
and nearly 12,000 miles of graded and drained roads 
carry higher volumes of traffic. This may reflect on 
the judgment exercised, in some cases, in selecting roads 
for improvement, or may indicate that considerations 
Other than traffic importance influenced the selection. 
There are valid reasons, however, why such conditions 
should exist with respect to a portion of the mileage. 

me of the paved mileage was lightly traveled during 
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PAVEMENT ITHER NON GRADED UNIMPROVED 
OUSTLESS DUSTLESS AND 
SURFACE SURFACE ORAINED 


_ 


“IGURE 2.—PERCENTAGE OF RuRAL Roap MILEAGE COMPARED 
TO PERCENTAGE OF VECHICLE- MILES OF TRAVEL FOR EACH 
GENERAL SURFACE Type IN 24 Starks. 

States INcLUDED ARE: ARIzONA, CalLtroRNIA, COLORADO, 
Fiortpa, IpAHo, INpbIANA, Iowa, KANSAS, LOUISIANA, 
MARYLAND, Micuican, Miussourt, Montana, NEVADA, 
Norts Dakota, Onio, OKLAHOMA, OREGON, SoutH Dakota, 
Texas, Urau, VerMOoNT, West VIRGINIA, AND WYOMING. 


the period of the survey because of construction work 


| on other parts of the road, temporarily diverting to 





Table 3 shows the mileage | 


other roads part of the normal traffic. Likewise, some 
of the paved sections connected with sections that are 
not yet improved and large traffic increases may be 
expected when the road is completely improved from 
one populaticn center to another. On the other hand, 
some of the heavily traveled graded and drained mileage 
may have been temporarily in that status, during the 
course of stage construction. The true extent of over- 
development or underdevelopment of highway facilities 
cannot be determined from summary tables of this 
kind, but can be determined only by a study of each 
individual road section, taking into consideration all 
of the pertinent circumstances. Such an approach is 
being used in a number of States in setting up programs 
for future improvement and in determining priorities 
for improvement. 


PAVED ROADS CARRIED NEARLY HALF OF THE TOTAL TRAVEL 
ON ALL ROADS 


In the 24 States listed in table 2, the average daily 
travel on all rural roads amounted to about 169,523,000 
vehicle-miles. This is equivalent to 1,695,230 vehicles 
traveling an average of 100 miles each per day, or to 
6,780,920 vehicles traveling an average of 25 miles 
each per day. About 152,309,000 vehicle-miles, or 
90 percent of the total travel, was on surfaced roads, 
and only about 17,214,000 vehicle-miles on unsurfaced 
roads. The vehicle-mileages reported for each general 
surface type by the 24 States were as follows: 

Vehicle-miles 
80, 262, 267 
40, 791, 208 
31, 255, 837 

8, 258, 911 
8, 955, 018 


Ja<-----= 10D, 620; 281 


Favement.......... arsx-voris nes wend cae ee ree aes 
Other dustless surface none 
Nondustless surface _ - 
Graded and drained_ 
Unimproved - - - 


"SOvAL....«: a2 





Table 4 shows for each of the 24 States, the percentage 
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| 47.3 percent of the total vehicles-mileage of travel. 
Surfaced roads of all types, constituting 34.9 percent 
of the total rural road mileage, carried 89.8 percent of 
the total vehicle-mileage. Unimproved roads con- 
stituted 42.7 percent of the total road mileage but 


distribution of the total vehicle-mileage of travel by 
surface types in comparison with the percentage dis- 
tribution of the total road mileage by surface types. 
It shows that paved roads, constituting only 4.0 percent 
of the total rural road mileage in these States, carried 


TaBLE 3.—Mileage of rural roads and percentage of total rural mileage of each general surface type in different average daily traffic 


volume groups in 23 States ! 


Other dustless 








Average daily traffic Pavement nate ner Nondustless surface Graded and drained Unimproved Potal 
surface 
Miles Percent Miles Percent Miles Percent Miles Percent Miles Percent Miles Percent 
_ = 1,494.4 2. 51 9, 562. 4 10. 11 119, 650, 2 33. 64 277, 841.9 76. 94 605, 179. 6 87.60 1,014, 728.5 64. 92 
25-49 2, 189. 6 3. 67 4,372.3 4.62 75, 522. 6 21. 24 48, 730. 1 13. 50 1,418.5 7.43 182, 233. 1 11. 66 
50-99 1, 285. 1 2.16 9, 451.6 9.99 74, 497. 2 20.95 22, 526.4 6. 24 24, 099.8 3. 48 131, 860. 1 &.44 
100-199 3, 135.3 5. 26 15, 061.4 18. 93 53, 045.8 14. 92 8,171.9 2. 26 7, 749.3 1.12 87, 163.7 5, 5S 
200-299 ane 3, 111.4 5. 22 12, 258. 6 12. 06 17, 217.5 4.84 2,012. § 6 1, HS8.6 24 36, 288. 6 2. 32 
300-399 3, 135.3 5. 26 9, 506. 1 10.05 7, 783. 4 2.19 723.4 20 477.8 07 21, 626.0 1.38 
400-499 3, 244.7 5.44 7. 993.0 8.45 3, 604. 6 1.0% i905, 8 1! 173. 5 03 15, 411.6 a9 
500-599 3, 410.5 5.72 6, 009. 4 6.35 1, 900. 6 . 54 235. 5 07 119.4 02 11, 675.4 75 
600-699 3, 434.1 5. 76 4,374.6 4, 63 RSS, 3 24 109. 4 03 62.3 01 8, R88, 7 57 
700-7 3, 493.0 >, 86 3, 702.0 3. 92 575. 4 16 77.1 _ 02 28. 3 () 7, 875.8 ww 
800-899 3, 092. 7 ». 19 2, 572. 1 2.72 334.7 09 7.7 02 10.8 ( 0 39 
-999___ 2, 682. 2 4. 50 1, 726.3 1.83 163. 8 05 39,2 01 14.2 @ 7 30 
1,090-1,249 _.___ 5, 980.0 10.03 2, 966. 5 3.14 229. 7 08 40.3 Ol 16.0 ( 5 . 50 
1,250-1,499- 4,474.5 7. 50 1, 940.8 2.05 127.1 O4 21.1 01 8.7 2 42 
1,500-1,999- 5, 941.8 9. 96 1, 730.5 1.83 63. 1 02 34.9 01 15.9 ( 9 my) 
2,000-2,999 __ 5, 243. 6 8.79 928. 4 Qs 51.2 01 0.9 ( 8.2 ( 6, 249.3 40 
3,000 -3,999.__ 1, 862.9 3.12 200.9 25 17.9 24.7 Ol >, 14 14 
4,000-4,999 __ 1, 008. 7 1. 69 111.3 12 1 f ( 1, 124.6 07 
5,000-5,999 _- 664. 0 1.11 24.8 03 11.4 ( TOO. 2 04 
6,000-6,999__ 282. 2 47 21.8 02 04.0 02 
7,000-7 ,999 208.1 35 4.9 01 213.0 01 
8,000-8,999 83.3 14 1.0 (2) 84.3 01 
9,000-9,999_ _ 44.1 7 3 ( 444 
10,000-12,499__ 66.9 o ks 1 () 70.0 ( 
12,500-14,999....__._- 29.0 .05 . 2 .O1 34.2 ’ 
15,000-19,999 __ 30.7 05 30 
20,000-24,999 3.5 01 3 
25,000- 29,999. - 2.3 (2) 2.3 
39,000 and over-~- ? 
Total__. anes 2 59, 633.9 100.00 94,569.3 100.00 355,659.11 100.00 361,052.8 100.00 692,090.9 100.00 1, 563, 006.0 100, 00 
Percentage of total mileage.______- 3. 82 6.05 22. 75 23. 10 44, 28 Bas 100. 00 
1 The States included are: Arizona, California, Colorado, Florida, Idaho, Iowa, Kansis, Louisiana, Maryland, Michigan, Misscuri, Montana, Nevada, Nerth Iekcte,. 
Ohio, Oklahoma, Oregon, South Dakota, Texas, Utah, Vermont, West Virginia, and Wyoming. 
2 Less than 0.005 percent. 
TABLE 4.— Mileage of rural roads of each general surface type and vehicle-miles of travel on each, expressed as percentages of totals for all 
types in each of 24 States 
a : Other dustless Nondustless ae _ Graded and inte : , 
Pavement surface surface Total surfaced drained Fotalimproved Unimproved Petal 
State Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- Per- 
centage) centage} centage| centage; centage centage centage centage) centage) centage centage centage centage| centage centage centag: 
7) 7) of of of of of of oO 0 of of of of of of 
mile- | vehicle-| mile- | vehicle-| mile- | vehicle-| mile- | vehicle-| mile- | vehicle- mile-  vehicle-| mile- | vehicle-- mile- | vehick 
age miles age miles age miles age miles age miles age miles ace miles ave miles 
Arizona 2.0 23. 1 7.9 49.0 8.4 8.3 18.3 80.4 15.3 9.1 33.6 89.5 66.4 10.5 100.0 100.0 
California_-- 10. 2 63.9 22.3 25.1 20.4 7.2 52.9 96. 2 3.8 6 56.7 06.8 43.3 3.2 100.0 100 
Colorado m 23.1 4.3 $1.3; 12.3 17.9 17.3 82.3 &.8 4.8 26.1 87.1 73.9] 12.9 100. 0 100) 
Florida 6.4 36. 2 26.3 53.5 8.4 2.3 41.1 92.0 47.8 7.4 8.9 9.4 11.1 | 6 100.0 10) 
Idaho § 13.9 5.8 45.6 23. 2 26.3 | 29.5 85.8 13.4 4.7 42.9 90. 5 57.1 9.5 100. 0 1K 
Indiana Ye 59.3 .3 18.7 65.1 21.2 80. 5 99. 2 7 4 87.9 99. 4 12.1 4!) 100.0 100 
Iowa 4.8 51.4 5 2.2 33.8 | 32.1 39. 1 85.7 40.4 10.6 79. 5 96.3 20 5 | 3.7 100. 0 1m) 
Kansas “ 1.4 27.2 2.6 23.9 | 19.3 29. 4 23.3 80.5 1.6 1.3 24.9 RL 75.1 | 18, 2 100.0 100 
Louisiana _-- &.8 65.8 a .3 34.1 28.7 43.0 94.8 40.5 4.3 83.5 99.1 16.5 | 9 100.0 100 
Maryland 15.3 58. 3 20. 2 33.8 20. 3 3.9 55. & 96.0 29.3 3.0 85. 1 99.0 14.9 | 1.0} 100.0 100 
Michigan 5.9 58. 2 4.7 | 9.7 53.1 28.1 | 63.7 96.0 23.8 3.3 87.5 99. 3 12.5 ot 100. 0 1 
Missouri 3.4 57.8 a7i ms 25.2 19.7 31.3 89.8 51.8 9.3 83.1 99.1 16.9 | 9 100.0 10 
Montana 2.2 30.1 4.5 | 35.2 9.5) 12.4 16. 2 77.7 5.2 3.6 21.4 81.3 78. 6 18.7 | 100.0 10 
Nevada. _- a 19.2 10.0 | 70.2 3.3 3.8 13.5 84.2 3.7 2.5 17.2 86.7 82.8 13.3 | 100.0 10 
North Dakota Q¢) | 2.2 6| 17.9 15.2; 59.6 15.8 79.7 17.5 11.0 33.3 90.7 66.7 9.3 100. 0 104 
Ohio___- 9.8| 54.8 15.3} 24.9 60.3 18.9 85.4 98. 6 8.5 8 93.9 99.4 6.1 .6 | 100.0 10) 
Oklahoma 2.7| 45.9 13); 11.0 11.0 21.5) 15.0 78.4 64.7 19.9 79.7 98.3 20.3 1.7 100.0) 
Oregon 3.9 | 47.0 6.2 | 27. 31.2 20.9 } 41.3 95.8 32.3 3.2 73.6 99.0 26.4 1.0 100.0 1 
South Dakota .2) 9.0 0 16.9 18.4 53.6 19.5 79.5 40.5 18.3 60.0 97.8 40.0 33 100.0 1 
Texas___- 3.5 34.7 6.7) 35.2 13.6 10.5 23.8 80.4 8.6 5.5 32. 4 85.9 67.6 14.1 100.0 10) 
Utah_ 1.7 33.4 6.9 39.9 24.9 19.7 33. 5 93.0 17.0 3.9 50.5 96.9 49.5 3.1 100. 0 
Vermont _. 6.6) 55.0) 3.3 | 15.7 42.0) 25.7 51.9 96.4 32. 6 3.2 84.5 99. 6 15.5 .4 100.0 
West Virginia 7.5 50.4 | 6.3 20.9 18.8) 13.5 32.6 84.8 19. 6 6.8 52. 2 91.6 47.8 8.4 | 100.0 | 
Wyoming - a x 11.4) 72.7 4.8 | 7.6 16.3 81.1 4.8 2.3 21.1 83.4 78.9 16.6 100.0 
Average__.....- 4.0 47.3 6.1 24.1 24.8 18.4 34.9 80. & 22. 4 4.9 57.3 94. 7 42.7 | 5.3 100.0 





i Less than 0.05 percent. 
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carried only 5.3 percent of the total vehicle-mileage. 
This shows that the improvement of roads now unim- 
proved would mean, in general, the construction of 
relatively large mileages to serve a relatively small 
portion of the vehicle-miles of travel. These relation- 
ships are presented graphically in figure 2. 

Not only do the roads of higher type surface serve 
greater traffic densities than those of lower type surface, 
but they also, in general, pass through more densely 
populated rural areas. Table 5 shows the number per 
mile of farm units and other rural dwellings along roads 
with different type surfaces in each of 32 States. The 
States are grouped into four regions from east to west. 
The greatest density of dwellings along all rural roads 
is in the eastern region; the next greatest is in the west- 
ern region; and the density is lower for the two inter- 
mediate regions. For all 32 States, there are, on the 
average, 2.7 rural dwellings per mile of rural road. The 
dwelling density along paved roads is 7.1 per mile and 
is lower for each oe lower general surface type, 
ranging down to 1.5 per mile for unimproved roads. 
In individual States, however, the roads of higher sur- 
face type do not always have the greater dwelling 


densities. In Vermont, Michigan, Llinois, Maryland 
Missouri, Texas, and Louisiana for example, there are 
fewer houses per mile along paved roads than along 
roads having other dustless surfaces, and in North 
Dakota, Nebraska, Montana, Nevada, and Arizona 
there are fewer houses per mile along roads having 
dustless surfaces other than pavement, than along 


roads having nondustless surfaces. These minor varia- 

TABLE 5.-——Number of rural dwellings per mile along roads with 
different general surface types by States (grouped by regions 

Nondust- 


Other Graded 


Region and State oe dustless less sur- and . nance fact 
noe surface face drained | Prove’ ves 
Region 1 
New Hampshire 10.0 78 3.6 2. 6 1.2 4.3 
Vermont 7.4 8.2 4.0 2.5 1.4 3.5 
Michigan 6.3 7.2 1.3 2.8 3 3.8 
Illinois 4.6 9.8 3.2 2.4 oe 3.1 
Ohio 10.0 72 4.2 2.3 2. 1 5.0 
Maryland 10.0 10.4 6.5 4.3 3.9 6.7 
West Virginia 13.9 11.2 6.4 4.0 3.3 5.4 
Kentucky 9.2 8.3 5.1 4.5 10 5.0 
North Carolina 108 8.1 5.4 5.5 3.4 5.8 
South Carolina 9.1 7.2 5.7 5.9 4.9 5.5 
Florida 1.2 1.6 3.1 2.6 2.0 3.4 
Average 8.1 7.4 41.3 3.4 3.2 $ 
zion 2 
North Dakota_. 1.6 1.0 1.1 .9 6 7 
South Dakota 1.9 1.6 1.3 9 i 8 
Wisconsin 5.3 4.2 3.2 1.9 ’ 3.0 
lowa > ee 2.6 26 21 1.Y 2.3 
Nebraska 2. 6 1.2 2.0 1.5 1.1 1.3 
Missouri 4.0 5.6 3.2 2.5 1.6 2.7 
Kansas 6.4 2.4 2.3 1.3 1.2 1.5 
Arkansas 5.8 4.7 4.0 3.2 3.1 3.4 
Oklahoma 3.5 3.1 2.8 2.2 1.5 2.2 
Texas 4.0 4.5 3.8 21 2.4 2.7 
Louisiana 7.5 9.7 9 3.2 2.9 1.4 
Average 4.5 4.0 2.9 2.0 15 2.1 
I ion 3: 
Montana 1.9 1.6 1.8 1.0  § 9 
Idaho 8.2 2.9 2.8 1.4 1.0 1.6 
Wyoming 4.1 1.4 1.3 6 8 9 
Colorado 4.2 2.3 2.2 1.2 .9 iz 
Utah 98 3.6 2.0 1.1 5 1.3 
Nevada 4.8 9 1.6 8 4 5 
\rizona 13.6 3.2 5.4 2.4 1.4 2.2 
\ verage 5.6 2.1 2.3 1.4 8 1.2 
R n+ 
Vashington.- 9.7 4.1 3.8 1.3 8 28 
‘regon 6.6 3.9 3.4 x, 4 19 
ilifornia.__- i0.8 6.8 2.5 2.0 1.0 3.7% 
Average 10.1 6.1 3.4 11 9 3.0 
Average for all States 
represented. ___- qi 5.6 3.5 2.3 1.5 2.7 
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FIGURE 3.—PERCENTAGE OF RuRAL Roap MILEAGE SURFACED, 


PERCENTAGE OF ALL RuRAL DweE.Luincs DiREcTLY SERVED 
BY SuRFACED RoapDs, AND PERCENTAGE OF TOTAL TRAVEL 
on Rurat Roaps, IN Eacu or 23 STAtEs. 


tions in the general trend are caused by the building 
of high-type roads, important to through traffic, across 
relatively sparsely ‘settled areas. 

In table 6, and in figure 3, a comparison is made of 
the percentage of the rural road mileage surfaced, the 
percentage of the vehicle-miles of travel served by sur- 
faced roads, and the percentage of the rural dwellings 
directly served by surfaced roads, in each of 23 States. 
For these States, 37.8 percent of the total rural road 
mileage is surfaced, and this surfaced mileage serves 
directly 57.2 pere ent of the rural dwellings and accom- 
modates 89.8 percent of the vehicle-miles of travel on 
rural roads. In Ohio, 93.8 percent of the rural dwell- 


ings are directly served by surfaced roads, whereas in 
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FIGURE 4.—PERCENTAGE OF ALL RurAL DwELutncs DIREcTLY 


SERVED BY Roaps WitH DIFFERENT GENERAL SURFACE TYPES 
IN Eacu or 32 Srares. 


Oklahoma only 20.1 percent are so served. The per- 
centages of rural dwellings served by surfaced roads in 
other States range between these two extremes. 

The percentages of all rural dwellings directly served 
by roads with different general surface types are shown 
for each of 32 States in table 7 and in figure 4. By 
omitting vehicle-mileage data, it was possible to in- 
clude 9 more States in this table than in table 6. In 
these 32 States, 57.2 percent of all rural dwellings were 
directly served by surfaced roads, which is exactly the 
same percentage as that shown in table 6 for 23 States. 
Only 22.6 percent of the rural dwellings were located 
on unimproved roads. For individual States, the per- 
centage of rural dwellings located on unimproved roads 
varied from 71.2 percent in Wyoming down to 1.5 per- 
cent in Wisconsin. 


TWO-THIRDS OF RURAL DWELLINGS IN 10 STATES LOCATED WITHIN 
1 MILE OF SURFACED ROAD 


Many rural dwellings which do not front directly on 
improved roads are located close to them so that the 
occupants need travel only a short distance to get to 
an improved highway. Under such conditions, the 
actual mileage which need be driven on unimproved 
roads is very small in relation to the total mileage 
driven on an average trip. In 10 States, studies to 
determine the number of rural dwellings located within 
different travel distances of improved roads have beep 
completed. 

Table 8 and figure 5 show the percentages of all rural 
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TABLE 6.—Percentage of rural road mileage surfaced, and percent- 
age of all rural travel and cf all rural dwellings directly served by 
surfaced roads in each of 23 States 


Percentage of 
of “all ruzal : 
dwellings di- 


Percentage 


In » 
Percentage Of total rural 


totai rural 


State road mileage hegeinb ya dectly served 
surfaced surfaced roads ” — 

Arizona ; r 18.3 80.4 41.7 
California a 52.9 96. 2 85.7 
Colorado 17.3 §2.3 31.5 
Florida 41.1 92.0 56.7 
Idaho ; 29.5 85.8 53.5 
Iowa 39. 1 85.7 45.8 
Kansas 23.3 80.5 40.2 
Louisiana 43.0 94.8 61.2 
Maryland 55.8 96. 0 76.2 
Michigan. - 63.7 96. 0 79.8 
Missouri : 31.3 89.8 40.9 
Montana 16.2 77.7 32.4 
Nevada 13.5 84.2 29.8 
North Dakota 7 15.8 79.7 24,2 
Ohio 85.4 98.6 93.8 
Oklahoma - 15.0 7S. 4 20.1 
Oregon 41.3 95.8 81.5 
South Dakota 19.5 79.5 32.8 
Texas 23.8 80.4 35. 2 
Utah _-. 33.5 93.9 67.4 
Vermont 41.9 a6. 4 70.3 
West Virginia 32.6 84.8 56.1 
W yvoming 16.3 81.1 25.4 
Average 37.8 so. 8 57.2 


TABLE 7.—Percentage of all rural dwellings directly served by roads 
with different general surface types, in each of 32 States 


Pave. ,Other Non- All sur- raded) anim.) Unim- 





State : dustless dustless faced a7 proved proved 
ment surfaces surfaces roads —— roads roads 
Arizona 12.6 11.7 7.4 41.7 16.4 Ss. 1 41.9 
Arkansas_...____ 5.0 1.6 27.1 33.7 19. 7 53. 4 46.6 
California___- 29.8 40.3 15.6 85.7 | 87.8 12.2 
Colorado._-_- 2.2 5.3 4.0 31.5 9.9 41.4 58.6 
Florida ___- 13.4 35. 3 8.0 56.7 36.9 93. 6 6.4 
Idaho St : 2.6 10.2 40.7 53.5 11.5 65.0 35. 0 
| ae 16.7 2.1 49.7 68.5 28.7 97.2 2.38 
Iowa P ; 5.7 .6 39.5 45.8 37.4 83.2 16.8 
Kansas. - cael 6.0 4.2 30.0 40.2 1.1 41.3 58.7 
Kentucky......... 6.3 17.0 34. 6 57.9 6.4 64.3 35.7 
Louisiana 16.3 a 44.8 61.2 28.3 89. 5 10 
Maryland 24.3 33.6 18.3 76. 2 16. 4 2.6 7 
Michigan 9.9 8.9 61.0 79.8 16.7 96. 5 3.5 
Missouri i 5.2 5.6 30. 1 40.9 48.8 89.7 10.3 
Montana 4.8 8.1 19.5 32.4 5.8 38. 2 61.8 
Nebraska : 2.0 8 25.1 27.9 10.7 38.6 61.4 
Nevada 2.1 72 10.4 29.8 5.6 35.4 64. ¢ 
New Hampshire 7.6 48.9 25.9 82. 4 12.9 95.3 4.7 
North Carolina. ___ 15.7 10. 4 32.9 59.0 36.9 95.9 4.1 
North Dakota. - a 8 23.3 24.2 22.7 46.9 53. 1 
Gtié.....:.. , 20.0 22.3 51.5 33.8 3.8 97.6 2. 4 
Oklahoma. .-__- 4.3 1.9 13.9 20.1 65. 5 85.6 14 
Ovegom.......... 13.4 12.7 55.4 81.5 11.9 93.4 t 
South Carolina__. 8.9 11.7 16.6 37.2 27.1 4.3 ; 
South Dakota 6 1.8 30. 4 32.8 47.2 30.0 20 
 — a §.2 11.0 19.0 35.2 6.5 41.7 s 
ate a 10.0 19.9 37.5 67.4 14,2 81. ¢ 18.4 
Vermont........... : 14.2 7.7 48.4 70.3 23.6 93.9 6.1 
Washington_.____ a aS 14.2 9.3 57.4 80.9 13.2 94.1 
West Virginia___- 19. 6 13.4 23.1 56. 1 14.8 70.9 
Wisconsin. ._.- ein 10.7 10.0 62.6 83.3 15.2 98.5 
Wyoming.-.____. ; .3 17.7 7.4 25.4 3.4 28.8 71.2 
Average... ..... 11.3 12,2 33.7 57.2 20. 2 77.4 22.0 


dwellings within various travel distances of surfaced 
roads, in the 10 States in which this information is 
available. In these States 65.0 percent of the rural 
dwellings were within 1 mile of a surfaced road, and 
77.5 percent were within 2 miles of a surfaced road. 


(Continued on page 158) 

















GRAPHICAL ANALYSES OF THE STABILITY 
OF SOIL 


BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


Reported by E. S. BARBER, Junior Highway Engineer, and C. E. MERSHON, Junior Engineer 


O FURTHER the development of rational pro- 

cedures for use in the design and construction of 

highways during the past two decades, the Public 
Roads Administration has made comprehensive studies 
of published material and conducted supplementary 
laboratory research on the stability of soil. Results of 
this work, published in PUBLIC ROADS and in the 
Proceedings of the Highway Research Board, include 
the interpretation of test data, the evaluation of pres- 
sure against retaining walls, the design of cuts and 
embankment cross sections, and the estimation of the 
supporting value of undersoil. 

In an effort to expedite a general use of the theories 
as a basis of correlation with experience, this report 
presents methods of analyses in which charts are used 
to facilitate computations and thus greatly reduce the 
time and labor required in the application of the for- 
mulas. 
las and a brief discussion ef the assumptions on which 
the theories are based are first presented. An explana- 
tion of the construction and use of the charts then 
follows. 


STABILITY OF SOIL DEPENDS UPON ITS SHEARING RESISTANCE 


The stability of a soil is assumed to depend upon its 
shearing resistance which, 
classic a theory published in 1773 (1), 
the relation 

s=c-+n tan @ 
in which 

s=unit shearing resistance, 

c= unit cohesion, 

n==stress normal to the plane of shear, and 

¢=angle of internal friction. 


is expressed by 


yee Sa (1) 


Cohesion is defined as that component of shearing 


A summary of the development of the formu- 


according to Coulomb’s | 


resistance which is independent of the stress normal to | 


the plane of shear. (See fig. 1.) Internal friction is 
lefined as that component of shearing resistance which 
is directly proportional to the stress normal to the plane 
of shear. 

A factor of safety with respect to total strength may 
he applied by dividing ¢ and tan ¢ by the desired 
factor (2). Fora dulaition less than that at failure, 
the corresponding ¢ and ¢ (3) may be used by assuming 
a liypothetical soil with these ultimate values. 

Compressive strength—The relation between the unit 
compressive strength, %, of an unconfined cylindrical 
soil sample, its cohesion, and its angle of internal 
friction, was discussed in the Proceedings of the Nine- 
teenth Annual Meeting of the Highway Research 
Board (4). The formula is 


Vo= 2c tan a_- : (S 


bo 


Why re 


a=45°42% 


‘Italic figures in parentheses refer to bibliography, page 155. 





L— S=C+NTANG 





NORMAL STRESS, 7 


FIGURE 1.—RELATION OF SHEAR STRESS TO NORMAL STRESS 


IN A Sort SAMPLE AT FAILURE. 
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vw =2cTAN@ +1 TAN*a@ 


FIGURE 2.—RELATION OF PRINCIPAL STRESSES AT FAILURE OF 
Any Pornt IN A STRESSED EartH Mass. 


If a unit lateral pressure, /, is applied to a sample as 

figure 2, the expression for its unit compressive 
strength, «, as published in PUBLIC ROADS, Decem- 
ber 1938 (5), becomes 


y—2e tana+l tan’a 
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Tangent functions of a and its complement 6 are 
given in table 1 

The relation between the maximum height, //, at 
which an unrestrained embankment will stand verti- 
cally, the unit weight of the soil, w, and its shearing 
resistance, was discussed in PUBLIC ROADS, Decem- 
ber 1929 (6). The expression is 


%  2e 


|: oo __(4) 
w 


rp 


TABLE 1.—Tangent functions of a and 8 


@,dezrees tin@ 


tana= tanta@= tanB= tan’s 
cor B ent? B Cot @ cot? a 





0 0 1.000 1. 000 1. 000 1.900 
1 0.017 1. 018 1. 636 . AR3 966 
2 . 035 1. 036 1. 072 . 966 . 933 
3 052 1. 054 1.110 949 901 
4 .070 1.072 1. 150 . 933 S70 
5 . 087 1. 091 1. 191 - 916 . S40 
6 . 105 1.111 1. 233 900 Sil 
7 . 123 1. 130 1. 278 . 885 783 
8 141 1. 150 1. 323 . 869 756 
9 158 1.171 1. 371 84 . 729 
10 176 1. 162 1.420 839 . 704 
1! 194 1. 213 1.472 . 824 . 680 
12 . 213 1. 235 1. 525 S810 656 
13 . 231 1. 257 1. 580 . 795 633 
14 . 249 1. 280 1. 638 7s1 610 
15 268 1. 303 1. 698 767 589 
16 287 1. 327 1. 761 754 . 568 
17 . 306 1. 351 1. 826 . 740 v4s 
18 . 325 1. 376 1. 894 727 528 
19 . 344 1. 402 1. 965 713 09 
0) 364 1.428 2.040 700 190 
?1 . 384 1. 455 2. 117 687 472 
2 . 404 1. 483 2. 198 675 455 
23 . 424 1. 511 2. 283 662 438 
24 445 1. 540 2. 371 49 422 
25 - 466 1. 570 2.464 637 406 
2h . 488 1. 600 2. 561 625 390 
27 . 510 1. 632 2. 663 613 376 
os . 532 1. 664 2.770 601 . 361 
29 54 1. 698 2. 882 589 347 
30) 577 1. 732 2.050 577 . 333 
31 . 601 1. 767 6 320 
32 . 625 1, 804 F54 . 307 
33 649 1. 842 43 . 295 
34 675 1.851 532 283 
35 700 1. 921 421 271 
36 727 1, 963 3. S52 510 i) 
37 754 2. 006 4. 023 . 499 . 249 
38 781 2. 040 4, 294 . 488 . 238 
39 . 810 2.097 4. 395 477 228 
40 . 839 2.145 4. 599 . 466 ~ane 
41 . 869 2.194 4.815 456 . 208 
42 . 900 2. 246 5. 045 . 445 . 198 
43 . 933 2. 300 5. 289 . 435 189 
44 . 966 2. 356 5. 550 .424 180 
45 1.000 2.414 5, 828 44 oleae 





Active and passive pressures.—Formulas for finding 
the lateral pressures of soils against retaining walls 
were published in PUBLIC ROADS, December 1938 
(5). For the simplest case of a cohesive soil with level 
backfill, vertical back of wall, no surcharge, and swell- 
ing phenomena neglected, the total active horizontal 
pressure, L, per unit length of wall is obtained from the 


expression 
L= ns" tan? B—2c tan 8) <ittheacne 


in which 
h=height of backfill, and 


p=45°—§. 














FIGURE 3.—SuURFACES OF Stipe BEHIND WaALLs. 


For the same conditions, the total passive earth 
pressure, P, per unit length of wall is given by the 
formula 


) 


wh ' ' 

- hi — tan’ a+2c tan a) (6) 

The significance of the terms “active” and “passive” 

earth pressure has been described in PUBLIC ROADS 
(3) as follows: 

In the design of retaining walls, three types of earth pressure 
may be considered. 

Without movement of the earth, pressures against the walls, 
figures 3-A and 3-B, become the ‘earth pressures at rest’ 
which depend upon the coefficient A, expressed by the relation: 
K=l/v. (K depends on the soil’s elasticity.) 

However, soil must deform to fail. The pressures it  pro- 
duces at maximum deformation without failure are termed 
active or passive, depending on the directions of the applied 
forces responsible. 

Wedges assumed in the design of retaining walls, figure 3, 
have lower boundaries, D-D, on which the soil slips when it 
shears. Weight of the earth in figure 3-A produces the active 
earth pressure which forces walls outward and causes D-D 
incline at an angle @ with the horizontal and g with the vertical 
Foreing walls backward as in figure 3-B produces the passive 
earth pressure which causes D--D to incline at an angle g with the 
horizontal and @ with the vertical. 

A cable anchorage would exert passive pressure on 
the soil in front of it. The surface shear test apparatus 
developed by Burggraf (7) measures a similar passive 
resistance. 


FORMULAS GIVEN FOR BEARING CAPACITY AND DISTORTION OF 
SOILS 


Bearing capacity under strip load.—It will be noted 
that equations 5 and 6 have two parts. The first 
depends on the weight of the earth in the wedge and the 
second on the cohesion. As shown in figure 4-A, the 
bearing capacity, g, of soil under a long, uniform, strip 
load depends on an active wedge being held in equilib 
rium by a passive wedge. Since the passive pressure, 
P, is always greater than the active pressure, L, an 
additional pressure, g, can be supperted at the surface o! 
the active wedge. Then at equilibrium 


q (“5-“) tan’ _.(7) 


By substituting equations 5 and 6 for ZL and P 
equation 7 there is obtained 
2 tan a tan* a—1 


w,B - vest s) 


COs” a 2 cot a 


q = w ,H= 


in which 


we=unit weight of embankment material, 

H=critical height of embankment, 

w,=unit weight of undersoil, and 

B=width of active wedge at the subgride 
surface, figure 4—A. 
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Figure 4.--SuRFACES OF Sitip UNDER EMBANKMENTS (¢= 10 
If a surcharge of thickness 7’ is applied to the surface 
of the passive wedge, figure 5—A, the load on the active 
wedge may be increased by w,7’ tan‘ a, where w, is the 
unit weight of the surcharge material. The total bear- 
ing capacity (8) then becomes . 
tan‘a— 1 


+B ———-+w,T tan‘ a_(9) 
2 cot a 


2 tan a 
q=wll=e cos* a@ 

For zero cohesion, the first term is zero; for zero friction, 
the second term is zero; and for zero surcharge, the third 
term is zero. If B is taken as zero in equation 9, the 
bearing capacity becomes equivalent to 

q=2e (tan® a+tan a) +w,T tan’ a. (10 
which gives the maximum allowable vertical pressure 
under the edge of a footing (9). Equation 9 has been 
suggested for use in estimating the supporting value of 
a homogeneous subgrade under a symmetrical strip load 
which divides in the center as it fails. 

To apply the formula to a long fill, the cross section 
of the fill must be modified. With reference to figure 5, 
it should be noted that B is the width of the active 
wedge whereas 6 is one-half the top width of the fill. 
One method of solution is to assume a rectangular cross 
section of width 2B and an area equal to the area of the 
fill as shown by figure 5-B. This solution considers no 
surcharge. Another method is to assume a rectangle 
of width 2B with equal surcharges on each side as shown 
by figure 5-C. The area of the rectangle plus the area 
of the surcharges is equal to the actual area of the fill 
cross section. 

If the embankment can be considered rigid enough 
to settle as a unit and the undersoil moves out on one 
side only as in figure 4—B, the full width, 2B, is used in 
place of B and equation 9 becomes 

9 a. 
q=c oe + WB on ot + wT tan‘ a_____(11) 

\ different problem is presented by a fill, figure 4—C, 
which is rigid enough to settle vertically without tilting 
and without breaking in the middle, forcing the under- 
Soil out on both sides. Prandtl’s formula with a term 
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added to include the weight of the supporting svil (10) 


_ may be used to find the supporting power of the under- 








soil under these circumstances. The formula considers 


no surcharge and is 


q (ec cot @ w,B tan a) (tan? aX e!e"¢ —1)_(12) 

Listortion of soul. —If the amount of distortion in the 
soil behind a retaining wall were relatively the same as 
in a shear sample and the wedge of soil behind a rotating 
wall deformed in pure shear parallel to the plane of 
failure, figure 6, the average movement of the top of the 
soil wedge h feet high as the wall rotates about its base 
(4) would be: 

For walls moving out (active pressure), figure 6—A. 


mh .., ee : 
d, = sin? 8 feet =0.03mA(1—sin ¢) inches- _-_ (13) 
d,= mh sin 6 cos 6 feet =0.03mh cos ¢ inches - -_ _ (14) 


200 


For walls moving in (passive pressure), figure 6—B. 


d;- a cos? 8 feet =0.03mh(1+sin ¢) inches_ - _ (15) 
d= sin 6 cos B feet =0.03mh cos ¢ inches - - - (16) 
where 


d,=average lateral soil movement, 
d,=average vertical soil movement, and 
tangential movement 


m=shear strain in percent = _ < 100. 
: I thickness 


In a direct shear test, the shear strain may be taken 
as the shear movement divided by the effective thickness 
of the sample. For constant volume and small strains 
the maximum shear strain in a uniformly stressed cylin- 
der is 1.5 times the vertical strain (11). The average 
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FIGURE 6.— DisTORTION OF SOIL BEHIND WALL. 


settlement due to lateral movement of the soil support- 
ing a long nonrigid embankment may be estimated by 
using B, the half width of the fill, in place of A in 
equation 15. 

Bearing capacity of thin layer.—For a plastic material 
squeezed between two parallel rigid plates, the theory 
of plasticity indicates that the bearing capacity varies 
directly as the shearing resistance and as the ratio of 
the width of the plates to the distance between them if 
this ratio is at least four (12, 13). For the case of a 
triangular load of relatively firm material resting on a 
soft layer which is underlaid by relatively firm material, 
figure 7—A, the expression for the unit bearing capacity, 
q, of the soft undersoil is 
r 


q= W,A- 8- (17) 
where 
w,=unit weight of fill material, 
H,=height of triangular fill, 
s=unit shearing resistance of soft layer, 
r=width of fill at base, and 
D=depth of soft layer. 
By assuming a triangular embankment, figure 7—A, 


and substituting PT tan @ (that is, c-+n tan @ of 


the soft undersoil) for s and 2H)S, for x, a formula was 
derived for calculating the critical slope, Sp, of the em- 
bankment. The expression thus obtained is 
S Dw, 18 
0” 2e+ Dw, tan 7 - - (18) 
in which 
wW,=unit weight of soft undersoil. 


The critical slope of a trapezoidal fill may be estimated 
from equation 18 by considering a triangle, figure 7—A, 
with the same base and slope as the embankment. In 
the case of low, wide fills, the results obtained by this 
procedure may be too conservative. Another method 
(13) is to consider a triangle with an area equal to the 
trapezoidal area of the fill as in figure 7-B. For this 
assumption, the relation between the slope, S, of the 
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FIGURE 7.—FILL on Sort Layer. 


ill and the slope, Sp, of the triangle is 


bh \2 

(7) 
i 
~ HH 


where 
b=top half-width of fill, and 
H=height of fill. 


FORMULA FOR GREATEST SHEARING STRESS UNDER FILI 
PRESENTED 


Critical height of slopes—A graphical method fo1 
determining the critical height of slopes was published 
in PUBLIC ROADS, December 1929 (6). It assumes 
a circular surface of sliding as shown in figure 8 and 
compares the moment of the shear resistance along this 
surface with the moment of the weight of soil bounded 
by the surface. Moments are taken about the cente: 


_of curvature. The most dangerous circle is determined 





by trial. Various analyses of the critical height, //, 
of cuts and embankments of homogenous material wit! 
level tops have been compared and tabulated by Taylor 
. . . . . c 
(14). His tables give the dimensionless ratio aT 
tii 
for various values of ¢ and slope angle 7. Fora vertica! 


a ; ‘ 3. 
slope, the critical height becomes approximately 
rn Vu 


tan @ which is greater than that given by equation 
based on different assumptions. 

Greatest shear stress under fill—Applymg the theory 
of elasticity to a semi-infinite, homogeneous, isotropic 
material, it is found that the greatest shear stress, 
under a symmetrical, trapezoidal strip load, figure °), 
is on the centerline and is expressed by the formula 
(15, 5) 


2.32p 2?+ (a+6)? 1) 
eee 4 log ‘ -— 5 = : } 
rd 2+46? 


8¢- 


where 
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FiGuRE 8.—S.LipING SurFACE IN HOMOGENEOUS SLOPE. 
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Figure 9.—-TRAPEzOIDAL Loap ON EL vastic MATERIAL 


z—depth below the surface, chosen to 
make sg a Maximum, 


p—pressure on centerline at the surface 
of the supporting material, 
a=width of one side slope of trapezoidal 
fill, 
b—half width of fill at top, and 
a 
B=b+5=2 (approximately). 


Kor the special case of a rectangular strip load, a=0, 
the shear stress is maximum and equal to p/z at all 
points on the circumference of a semicircle passing 
through the edge of the load. If there is a rigid layer 
at some depth below the load, then according to D. L. 
Holl (16), the greatest shear stress is nearer the surface 
and of greater magnitude than for a homogeneous 
supporting material of infinite depth. 

The load producing a greatest shearing stress equal 
to the cohesion of the supporting soil is less than the 
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FicgurRB 10.—GREATEST STRESSES Duke TO UNIFORM CIRCULAR 
LOAD ON A SEMI-INFINITE SOLID FOR DIFFERENT POISSON’S 
RATIOS. 


ultimate bearing capacity, computed for conditions of 
failure. That the load which causes failure at a 
single point or localized region is less than the load 
which will cause total failure throughout the support- 
ing soil. Design based on stresses causing failure at 
restricted regions under a finite area is illustrated by 
considering the stresses under a circular load. 

Stresses under loaded circular areas.—A complete anal- 
ysis of the stresses below a uniformly loaded circular 
area, using the theory of elastic:ty, has been presented 
by Love (17, 18) and includes a ty bulation of stresses for 
Poisson’s ratio equal to one-four:h. This analysis was 
discussed in PUBLIC ROADS (19) | Figure 10 shows 
the location and magnitude of the ;reatest shear stress 
and the corresponding major principal stress at any 
level in the undersoil. The influence of Poisson’s ratio 
on these stresses is also shown. The greatest shear 
stress anywhere under a uniformly loaded circular area 
is at the surface, just beneath the perimeter. For a 
Poisson’s ratio of one-half, the greatest shearing stress 
is on the axis for all depths where 2/r is greater than 0.7. 
Broken lines in figure 10 were interpolated. Figure 11 
shows the effect upon the greatest shearing stress at any 
level of varying the applied load when the total load 
or the area of the circle or the unit pressure is kept 
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Figure 12.—RELATION OF STRENGTH TO STRESSES AT A POINT. 


constant. For ¢ equal to zero and Poisson’s ratio equal 
to one-half, a point at the edge of the load is overstressed 
if the unit load exceeds 3.14¢ (see fig. 10) whereas, ac- 
cording to H. Hencky (12), the ultimate bearing ca- 
pacity under a rigid circular load is not reached until 
the average unit pressure is 5.64c. 

To determine the cohesion required to prevent over- 
stress at any point at a given level below a uniformly 
loaded circular area in a material wherein ¢ is greater 
than zero, account must be taken of the weight, w, of 
the material and the normal stresses produced by the 
load (20). Mohr’s diagram, figure 12, shows the 
cohesion required to prevent overstressing at any point 
and was used in deriving the formula, 


c= pF—wz tan ¢ (21) 


F= S max = ‘~i- Sn) tan @ 
Pp cos 09) P 


where 





in which spax and p; are the stresses sg and p, shown in - 
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figure 10 except for certain values of ¢ for which stresses 
at points off the axis required the greatest cohesion. 

This analysis may be useful as a qualitative indica- 
tion of the shearing strength required in flexible pave- 
ments and subgrades under pneumatic tire loads. 
However, as in other soil stability problems, due con- 
sideration must be given to such factors as wetting and 
drying, freezing and thawing, swelling and consolida- 
tion, distortion, and nonuniformity. 


CHARTS USED TO FACILITATE COMPUTATIONS 


The charts used in the solution of the foregoing 
formulas are of the simplest types and, in general, 
permit the determination of any one variable if the 
others are given (2/). Supplementing the method of 
constructing each chart is an illustrative example 
which demonstrates its use. 

Principal stresses at failure—If equal lateral and 
vertical pressures are applied to a right circular cylinder 
and the vertical pressure then increased to failure, 
these stresses are related to c and ¢ by equation 3 
This formula may be used to determine either the 
major principal stress, v, or the minor principal stress, /. 
To construct the graph, each term was evaluated 
separately. Thus, in the left chart of figure 13, tan a 








is plotted on the vertical axis, marked with the corre- 
| sponding values of ¢, and is multiplied by the sloping 
| lines for various values of ¢ to determine 2c tan a on 
| the horizontal axis. On the right chart tan’? a is 
| plotted on the vertical scale. An illustrative problem 


in which c, ¢, and / are given is shown on the figure. 
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2c TANGA - RESISTANCE PER UNIT AREA 


vw 


MAJOR PRINCIPAL STRESS 


Y/ (PASSIVE PRESSURE), 
if ‘ v=2¢€ TAN@+UTANZa 


i“7~~ 





= 45yt u,t AND € MAY BE IN ANY 
2 UNITS OF FORCE PER UNIT 
AREA. 
vu 





BROKEN LINE IS FOR EXAMPLE :— USING UNITS OF 1,000 LB PER SQ.FT. 


ror{¢ 20°} AND €=700 LB. PER SQ.FT., 26 TAN@=2000LB. PER SQ.FT 


AND Il SOOLB. PER SQ.FT, JZ TAN*@= 1,000LB. PER SQ.FT. 


= 2,000 +r 1,000 = 3,000 LB. PER SQ.FT 


TO FIND 2 WITH wv GIVEN, ENTER RIGHT-HAND CHART WITH I TAN2Q@(=v-2e€ TANG) 


FicgurRE 13.—PRINCIPAL STRESSES AT FAILURE. 
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STRAIGHT? BROKEN LINES ARE FOR EXAMPLE :- BY PUBLIC ROADS FORMULA 
FOR ¢ =10° (SAME FOR EACH gq) AND €=500 LB. PER SQ.FT, (DGIVES ge = 2900LB. PER SQFT 


FOR B® 40FT. AND ty =1004.8. PER CU.FT,, uy B= 4000 LB. PER SQ.FT,(@) GIVES 9g=2400LB. PER SQ.FT. 
FOR T=SFT. AND Wg=!20LB. PER CU.FT, we = 600 LB. PERSQFT,Q@GIVES Qn = B. PER SQ.FT 
THEN 9=Ge +p +Q7 =6S5O00LB. PER SQ.FT. = m/f (EQUILIBRIUM) ; FORM =130 LB. PERC FT.,@)H=S0FT. 


FigurRE 14.—BEaARING Capacity oF Sor UNpER Lona FILt. 


To solve for v, start at ¢=20° and follow the dotted | Thus L=7,400 pounds per foot of wall. 
lines to obtain the two terms of equation 3 which are Similarly, the passive pressure, P, back of a retaining 
added to determine 7. The necessary additions or | wall as expressed by equation 6, may be obtained 
subtractions as well as the reading of the charts may | from figure 13 by substituting P/h for v and wh/2 for 1. 
be done with the aid of temporary marks on a straight- | A nomograph of the general formula for pressures on a 
edge. | wall with a cohesionless backfill has been published 

Equation 5 may be rewritten in the form by Taylor (22). 

wi L Bearing capacity of soil under long fill—Figure 14 
2e tan ary tan’ a may used to compute the bearing capacity of a homo- 
: geneous subgrade under a symmetrical strip load 
The active horizontal thrust, Z, against a retaining | The figure solves equations 9, 11, and 12 by dividing the 
wall may then be determined from figure 13 by using | total bearing capacity, g, into components—gq, involv- 
h es aad | # for J : ing ¢; gg involving the pressure in the supporting soil, 
y ee ORs Tere. w,B; and qr involving the surcharge pressure w,T. 
: a 2 a se The total bearing capacity is the sum of the com- 
Ag gamle, find for wal 20 fet high given | ponent The lowers chart gives the rae of 
wh 10020 function of @ and the upper-left chart multiplies this 


») 





square foot, ¢=10°, —- = = -1,000 pounds, per | value by the appropriate values of c, w,B, or w,T’. 
- * The values of w,, w,, and wy which are selected should 
ge keen eg ae eee is per square | represent the most unfavorable conditions to be 
,< =450 pounds per square anticipated. 

foot. Then L tan? a=1,000—480—520 pounds per The illustrative example shown on figure 14 considers 

h a nonrigid fill with surcharges for which c, ¢, Wu, Ws, 
square foot. | T, w,, and B are given. In the problem H is solved for 

From the right-hand chart for tan * a=520 and | by means of equation 9. 


Values for a multiplying factor not on the chart such 
as ¢ equals 50 may be determined by using the line for c 





=-10°, , 370 pounds per square foot. 
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- INCHES SHE ARING DEFOR 7m - PERCE F THICKNESS AVERAGE VERTICAL SOIL MOVEMENT, a INCHES 
a, ~~ 
2a, pee : : 
= t --- i ere /7 BROKEN LINE |S FOR EXAMPLE:- 

oo j 4 7 Va-as°d \ I m= 5 PERCENT \ FROM TEST SHOWING RELATION 

| \ H <<. e ' # =I|ODEGREES J OF STRESS TO STRAIN 

h \ag*1! h tae \ A =20FEET 

B-45-$. ! oo d, = 2.5|INCHES, MOVING OUT 
1 se 1 -— ‘ a, = 3.5 INCHES, MOVING IN 
MOVING OUT; ACTIVE PRESSURE MOVING IN, PASSIVE PRESSURE @y= 3.0 INCHES, MOVING OUT OR IN 
d, = 0.03 mh (I-SIN§) 4, =0.03 mh (1+SiN §) 
da,,=0.03 mMhCos¢ dy 70.03mmh cos ¢ 
Figure 15.—Som Movement Bexinp WALL. 
equals x times 50 and dividing the resulting q, by r. cf / t sl l TI 
is - = _ S vle : 

This same device may also be used for w,B, w,7, H, w,, | wry ‘OT Various values of slope angle and 9. ” 


or similar factors on other charts. 

Soil movement behind wall——The movement of the 
faces of the wedge of soil behind a rotating wall as 
given by equations 13 to 16 may be determined from 
figure 15. The middle chart multiplies m by h, and 
the left and right charts multiply this product by the 
appropriate functions of ¢. The arrows and broken 
lines indicate the use of the chart in an example to 
solve for the average lateral and vertical movements of 
the soil of height A for a given shear strain or deforma- 
tion and the corresponding ¢. 


Critical slope of fill on soft layer—Figure 16 may be 
used in solving equations 18 and 19. The three terms 
of equation 18 as rearranged on figure 16 are solved 
separately and must be added or subtracted as required. 





The lower-left chart is used for obtaining w,/S) and | 
w,tan ¢. The right-hand chart divides 2¢e by D. | 


The small chart in the upper left is used for obtaining | 


So, the slope of the triangle, when the equal area 


method is used. 


In the illustrative example, 6, H, S, w;, wu, ¢, and D 
are given and the ¢ required for equilibrium is to be 
found. Using method I, enter the upper-left chart 
with b/H and S to get S). The lower chart divides w, 
by S, and multiplies w, by tan ¢. Next enter the right- 
hand chart with 2c/D (which equals w,/S;—w, tan ¢), 
and with the given D find the required c. One may 
solve for S, if the other factors are known, by going 
through the chart in the reverse direction. If thes opes 


of the fill are assumed to be continued to form a triangle 
as in method II, S=S, and the upper-left chart may be 
disregarded. 

Critical height of slopes.—The lower-left chart of figure 
17 was constructed from Taylor’s table of values of 





;, wH 
abscissas in the lower-left chart are sg and the ordi- 


nates of the upper charts are wH. The curved lines 
in the lower-left chart are for circles through the toe 
of the slope when a more dangerous circle exists which 
passes below the toe. 

In the first example, find H when S is 14:1, ¢=7.6°, 

=100 pounds per square foot, and w=100 pounds per 
cubic foot. By following the broken lines marked 1, 
H is found to be 10 feet. If H is 20 feet, one can go 
through the chart in reverse direction and find that the 
critical slope is 3.4:1. 

The critical height of cohesionless materials is, ac- 
cording to this analysis, zero for slopes greater than ¢ 
and unlimited for slopes less than ¢. 

Greatest shear stress under long fill——Equation 20 
was solved for variously proportioned trapezoids and 
figure 18 was constructed for calculating the greatest 
shear stress produced by a given fill pressure. The 


° s§ ° . 5) 
left chart determines “© for given ratios of 6/B. The 


right-hand chart multiples “2 by p. 


Cohesion required under uniform circular load. 
Figure 19 may be used to determine F in equation 21. 
Values of s¢/p and p,/p for substitution in the expression 
for F were taken from figure 10 for Poisson’s ratio 
equals one-half. Broken lines on figure 19 represent 
values of F' which were interpolated between values on 
the axis and values at the surface. 

As an example of the use of figure 19, take p=8,000 
pounds per square foot, r=8 inches, w= 100 pounds per 
cubic foot, and ¢=10°, Then, to determine the ‘°- 
quired c at a depth of 16 inches, enter the chart at 
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BROKEN LINE IS FOR EXAMPLE :- TO SOLVE FOR € 


E 
METHOD I -FOR B/H= 2.7 AND S =2:1, So =3:1 AND FOR Wy =130L8.PER 


METHOD IT- TAKE Sp =.S, THAT 1S USE Sg =2:! IN THE ABOVE EXAMPLE. 


Figure 16.—CRrITIcAL SLOPE OF 


2r=16/8=2, go over to the curve marked ¢=10° | (7) 
and up to F=0.11. Substitute in equation 21 and | 
obtain e=8,000 <0.11— 100 16 X0.015=880—24=856 | 
Tan ¢ . Pee 
pounds per square foot. Soa is used to change 2 | (8) 
from inches to feet. bad 
7 | 
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AVERAGE HALF -WIDTH OF FILL,B-FEET GREATEST SHEAR STRESS,§& - 
HUNDREDS OF POUNDS PER SQUARE FOOT 
BROKEN -LINE IS FOR EXAMPLE:- 





-- Qa — b + 
| 
r 


FOR @=80FT.AND b=20FT., B=22+ 20 =60FT. 
/P=HEIGHT x THEN FOR =4,000 LB.PER SQ.FT., Se =1,170 LB. 
ly DENSITY PER SQ.FT. 
; A 
~ B=b+$ - 2 =B APPROXIMATELY 


| 








2+(a+b)* 
ze+be 





} 


LOCATION OF 5.4 WHERE 2 1S TAKEN TO MAKE Sg A MAXIMUM 


FiGuRE 18.—GREATEST SHEAR STRESS UNDER LONG FILL. 


FACTOR OF COHESION REQUIRED, F’ (POISSON'S RAT!IO=4) 
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Figure 19.—Grapn or Factor FoR DETERMINING CoHESION REQUIRED IN Sotip Supportinc a Unirorm Crrcutar Loap. 














A a imeem 


ee ee 


ar 


2 Rees Tee De 


Peale te ts 











158 PUBLIC ROADS Vol. 21, No. 8 


(Continued from page 146) 
EJ WITHIN | MILE G&S) BETWEEN | AND 2 MILES 
(9) BETWEEN 2 ANOS MILES QM SETWEEN 3 AND 4 MILES 
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N. DAKOTA 
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PERCENTAGE OF ALL RURAL DWELLINGS IN EACH STATE 


Figure 5.—PERcENTAGE oF ALL RuRAL DWELLINGS WITHIN 
Various TRAVEL DISTANCES OF SuRFACED Roaps IN Eacu 
or 10 StrareEs. 


The percentage of all rural dwellings within 1 mile of a 
surfaced road ranged from 94.9 percent in Maryland, 
down to 42.2 percent in North Dakota. 

Table 9 and figure 6 show, for the same 10 States, 
the percentage of all rural dwellings within various 
travel distances of either a surfaced road or a graded 
and drained road or, in other words, of an improved 
road. In these States, 80.9 percent of the rural dwell- 
ings were within 1 mile of an improved road. In 
Maryland, 99.1 percent of the rural dwellings were 
within 1 mile of an improved road and all of them were 
within 2 miles of an improved road. In Texas, on the 
other hand, the percentages of the rural dwellings 
within 1 mile and within 2 miles of improved roads 
were 62.0 percent and 73.9 percent, respectively. In 
all of the States for which the information was obtained, 
only a very small percentage of the rural residents need 
travel more than 1 or 2 miles from their homes to reach 
an improved road. 


TABLE 8.—Percentage of all rural dwellings within various travel 
distances of surfaced roads, in each of 10 States 














State Within | Within | Within | Within | Within 
: | 1 mile | 2miles | 3 miles | 4 miles 5 miles 
9 | | 
dtd a atin aneiod 77.1 | 80.4 82.1 83.1 84.2 
a 72.6 | 80.5 85.6 89.1 91.4 
SS ae 81.1 | 87.3 90. 2 92.3 93.8 
Seer 94.9 98.9 99.7 99.9 100. 0 
AS TS 70.7 | 85.4 92.7 96. 6 | 98. 4 
| | 
See ee ; 54.0 74.2 | 83.4 88.5 | 91.5 
North Dakota........-...-....| 42.2 64.3 | 77.7 | 85.3 90. 1 
See ceeeees................ 57.8 75.0 81.4 | 84.9 | 87.0 
Sd aa 54.6 66. 6 75.0 | 81.2 | 85.8 
I adel xra 85.7 | 89.9 | 92.1 | 93.3 | 94.4 
Average......-.-.--- Pie. 65.0| 77.5| 84.4] 887 | 91.5 
| | | 





In this report, all of the rural roads within a State 
have been considered as constituting a single system of 
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FiGURE 6.—PERCENTAGE OF ALL RuRAL DWELLINGS WITHIN 
Various TRAVEL DistTaNcEes OF IMPROVED Roaps IN Eacu 
OF 10 STaTEs. 


roads. This is the concept of the average motorist 
since he generally does not know or care what adminis- 
trative system or systems of roads he travels over in 
driving from one place to another. To those charged 
with the responsibility of financing, building, and main- 
taining roads, however, distinction between adminis- 
trative systems is of the utmost importance. In nearly 
all States one group of public officials is responsible for 
State roads and other groups for county roads or 
township roads. The Federal Government has as- 
sumed responsibilities with respect to the 7 percent 
Federal-aid system, the 10 percent Federal-aid second- 
ary system, and several systems or groups of roads 
serving national reservations, such as national forest 
highways, national forest development roads, national 
park roads, Indian roads, roads through public 
lands, and recently, roads of major importance from 
the standpoint of national defense. The sources and 
amounts of funds made available for each administra- 
tive system are responsibilities cf legislative bodies. 
The segregation of road mileages into administrative 
systems is complicated because of overlapping juris- 


TABLE 9.—Percentage of all rural dwellings within various travel 
distances of improved roads, in each of 10 States ! 


State Within Within | Within Within Withir 











1 mile 2miles | 3miles | 4 miles 5 miles 
eee | - - 
BR i cacuscdvedasace 86.7 | 89.5 | 90.9 | 91.8 2.4 
a aR a eas 99.1 | 99.6 | 99.7 | 99.8 1.8 
RN ein idckgukancowas 89.1 | 92.8 94.5 95. 5 6.3 
Maryland.. as 99.1} 100.0 100.0 100.0 1.0 
| | eres 96.9 | 99.1 99.6 99.8 9.9 

| - 

0) eee eee 66.9 83.9 | 90.6 93.8 15. 
North Dakota... ae a a 93.8 96. 4 7.8 
South Dakota-- 94.3 | 97.8 | 98.8 | 99. 2 9.4 
., == 62.0 73.9| 81.9 87.5 1.3 
ae pee ads : 94.3 96.3 97.2 | 97.6 18.0 
Average 80.9 | 92.1 94. 5 6.1 
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1 ‘thneel roads hidinde weld and drained roads and surfaced roads. 
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| 
dictions. Also, significant comparisons of systems be- | 
tween States are difficult because of differences in the 
extent of the responsibilities of different jurisdictions. 
For example, in several States the State government 
assumes responsibility for all rural public roads, in 
others the responsibility is divided between the State 
and the counties, and in still others it is divided between 
the State, counties, and townships. 
A complete and detailed analysis of roads by adminis- 
trative system is being made in each State. For the 


REGULAR FEDERAL-AID FUNDS 


The Federal Highway Act of 1940, which authorizes 
regular Federal-aid funds for highways, secondary or 
feeder roads, and grade crossings for the fiscal years 
1942 and 1943, was approved on September 5, 1940. 
The act is in conformity with the congressional policy cf 
authorizing in advance of the period for which they are 
available the Federal-aid funds for 2 years, enabling 
the various State legislatures, many of which meet 
biennially, to plan their highway budgets with fore- 
knowledge of their approximate Federal-aid apportion- 
ments. Federal funds for other classes of road work are 
also provided by the act, the amounts provided for each 
fiscal year being as follows: 


Amount for 
each fiscal 


Item | 
year 


Federal-aid system 
Secondary or feeder roads _ - es 
Elimination of hazards at grade crossings -_-_- 
National forest highways_-- - - a 
National forest development ro 
National park roads 
Parkways_ _- Ie: 
Public land roads 
Indian roads__-- 


$100, 000, 000 
17, 500, 000 
20, 000, 000 

7, 000, 000 
3, 000, 000 
4, 000, 000 


ee A 


As in previous years, the Federal-aid highway and 
secondary road funds must be matched with State 
funds, and the grade crossing funds are outright grants 
to the States. Funds for these three classes of work 


for the fiscal year 1942 are required by law to be 
apportioned to the States, the District of Columbia, 
by the Federal Works 


Formulas for 


Hawai, and Puerto Rico, 
Administrator before next January 1. 


PUBLIC ROADS 


7, 500, 000 | 
1, 500, 000 | 
3, 000, 000 | 
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reasons cited, such an analysis does not lend itself well to 
presentation on a national basis. Significant nation- 
wide comparisons can be made, however, for the 7 
percent Federal-aid system, for a group of the most 
important roads in each State designated as State high- 
ways in some and as primary State highways in others, 
and for all other rural roads regardless of jurisdiction 
which are mainly local roads in the sense that interest 
in them is not State-wide. Such comparisons will be 
made in a subsequent article. 


AUTHORIZED FOR 1942 AND 1943 


apportioning the funds the States remain 
unchanged. 

Section 12 of the act specifically authorizes the 
Reconstruction Finance Corporation “to cooperate with 
States to finance, or to aid in financing, the acquisition 

| of real property or interests in property * * * 
necessary or desirable for road projects eligible for 
Federal aid under the Federal Highway Act * * *,” 
This provision will enable the long-term financing of 
highway rights-of-way through cities, thereby facilitat- 
ing the early completion of necessary improvements 
that heretofore have not been undertaken because of 
the lack of sufficient current funds to pay both right-of- 
way and construction costs. High right-of-way costs, 
in many cases amounting to several times the actual 
construction costs, have retarded improvements to 
main routes through cities needed to eliminate traffic 
congestion and attendant danger and delay. 

Section 19 of the act provides that: “In approving 
Federal-aid highway projects to be carried out with 
any unobligated funds apportioned to any State, the 
Commissioner of Public Roads may give priority of 
approval to, and expedite the construction of, projects 
‘that are recommended by the appropriate Federal 
defense agency as important to the national defense.” 

Under this provision of the law it should be possible 
to make an immediate beginning on the strategic high- 
way program. A system of 75,000 miles of main high- 
ways has been selected by military and naval authorities 
as highly important for definite strategic reasons. 
Many sections of the system are already in satisfactory 


among 


condition but there are also numerous substandard 
sections. Replacing weak bridges and widening and 


strengthening road surfaces and shoulders will be 
important parts of the work. The program is aimed at 
the elimination of critical weaknesses and restrictions 
on main highways. 
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